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ABSTRACT

A number of studies have examined the effects of bolus volume and consistency
on the oral and pharyngeal stages of swallowing in adults. These investigations found that
the amplitude and duration of muscle activity in adults is significantly affected by these
bolus variables. There is little information, however, regarding the effect of bolus volume
and consistency on swallowing in children. The purpose of this study was to compile
quantitative, normative data for young female children to determine the effects of various
bolus volumes and consistencies on the average duration of submental and laryngeal strap
muscle activity during swallowing.
Surface EMG recordings were obtained from submental (SM) and laryngeal strap
muscles (LSM) in typically developing five-year-old females as they swallowed boluses
that differed in volume and consistency. Each participant completed several
experimental swallowing tasks including swallowing four volumes (1, 3, 5, and 10 ml
boluses) of water, pudding, cheese spread, barium liquid, and barium paste. These
consistencies were chosen as they encompass those consistencies used during clinical and
modified barium swallowing examinations. Analyses of data included measurement of
the average duration of EMG records obtained from submental and laryngeal strap
muscles during swallowing across each volume and consistency. These measurements
were obtained using algorithms custom designed for MATLAB (v.5.1; The Mathworks,
Inc., 1999). For each participant, data analyses yielded a mean duration for each muscle
within each swallowing task. An analysis of variance (ANOV A) for repeated measures
and subsequent post-hoc analyses were performed to determine the effects of bolus
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volume and bolus consistency on average duration of muscle activity during swallowing
in children.
Results of the ANOV A indicated a significant main effect for consistency and for
muscles. There were no other significant main effects or interactions. Subsequent post
hoc analyses indicated that the duration of laryngeal strap muscle activity was
significantly longer than the duration of submental muscle activity across bolus volume
and consistency. At-test revealed a significant difference in average duration of muscle
activity when participants swallowed water compared to the other four consistencies,
regardless of bolus volume or muscle.
These findings differ from previous studies of swallowing in adults. These
studies have indicated that the duration of SM activity was longer than LSM activity, and
that the duration of SM and LSM activity was longer for thicker consistencies as
compared to liquids (water). Differences in the average duration of SM and LSM EMG
activity in children and adults are most likely due to anatomical and/or neuromuscular
differences (i.e., shorter swallowing track in children, and taste receptors are not yet fully
developed). These findings are important considerations in the evaluation and treatment
of children with swallowing disorders. Future research is necessary to define
standardized consistencies to be used in the evaluation and treatment of children with
dysphagia.

iv

TABLE OF CONTENTS
CHAPTER
I.

II.

PAGE

INTRODUCTION AND REVIEW OF LITERATURE.. .............
Introduction ...................... ...................... ...................... .
Effects of Bolus Volume and Consistency on Aspects of Swallowing
in Adults ...................... ...................... ...................... .. .
Effects of Bolus Volume and Consistency on Aspects of Swallowing
in Children ...................... ...................... ...................... .
Summary of Review of Literature ...................... ................... .
Purpose of Study and Research Questions ...................... .......... .
rv1ETHODS ...................... ...................... ...................... .. .
Participants ...................... ...................... ...................... .. .
Selection Criteria ...................... ...................... ................. .
Screening Tasks ...................... ...................... .................. .
Screening for Normal Swallow ...................... ................ .
Screening for Cranial Nerve Function ...................... ........ .
Screening for Normal Oral Mechanism ....................... ...... .
EMG Recording Sites ...................... ...................... ............ .
Electrode Placement. ...................... ...................... ........... ..
Experimental Tasks ...................... ...................... .............. .
Data Digitization ...................... ...................... ................ ..
Data Analysis ...................... ...................... ..................... .
Reliability ...................... ...................... ...................... .. ..
Statistical Treatment and Analyses ...................... .................. .

1

4

5
7
9

9
9
9
9
10
10
10
12
12
14
14
15
17

III. RESULTS ...................... ...................... ...................... ... .
Data Set. ...................... ...................... ...................... .... .
Average EMG Duration ...................... ...................... ......... .

18
18
18

IV. DISCUSSION ...................... ...................... ..................... .
Volume Effects on Average Duration of Muscle Activity .............. .
Consistency Effects on Average Duration of Muscle Activity ........ .
Clinical Implications ...................... ...................... ............. .
Limitations of the Current Study ...................... ..................... .
Suggestions for Future Research ...................... ............ ••••••••··
Conclusions ...................... ...................... ...................... .. .

24

REFERENCES ...................... ...................... .................... ·.···

35

y

24
26
31

.,... .,...
33
34

APPENDICES......................................................................
Appendix A..................................................................
Participant Information Sheet
Appendix B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cranial Nerve Screening Form
Appendix C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Oral Speech Mechanism Screening Examination-Revised
Appendix D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Parental Consent Form
Appendix E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Experimental Task Instructions
Appendix F.................................................................. ..
Percentage of Data Omitted per Consistency
Appendix G....................................................................
Range of Mean Durations (s) for Each Muscle at Each
Consistency and Volume
VITA.................................................................................

Vl

38
39
41
43
45
48
50
52

54

CHAPTER ONE

Introduction and Review of Literature

Introduction
A number of studies have examined the effects of bolus volume and consistency
on the oral and pharyngeal stages of swallowing in adults. Although existing data are
limited, research has shown that these bolus variables affect the amplitude and duration
of muscle activity during swallowing. There is less infom1ation regarding the effect of
bolus volume and consistency on swallowing in children. Quantitative measures of the
effects of bolus volume and consistency during swallowing are needed for the effective
evaluation and treatment of swallowing disorders in children, and to gain understanding
of the similarities and differences between swallowing in children and adults.

Effects of Bolus Volume and Consistency on Aspects of Swallowing in Adults
Perlman, Palmer, McCulloch, and Van Daele (1999) examined the activity of
laryngeal, pharyngeal, and submental muscles during swallowing in eight adult
volunteers (six male, two female), ranging in age from 23-25 years. Each performed
three swallowing tasks which included swallowing saliva, 5-ml water, and 10-ml water
boluses. Five swallows of each bolus type were included in the analysis. Bi-polar,
hooked wire electrodes were placed in the superior pharyngeal constrictor (SPC), the
interarytenoid (IA), the thyroarytenoid (TA), the cricopharyngeus (CP), and the
submental region (SM) to record electromyographic (EMG) activity of these muscles
during swallowing. A mean duration of the muscle activation patterns was generated

based upon the onset and offset of EMG activity for each muscle and bolus type across
participants.
Findings indicated that the SM region exhibited the longest duration of EMG
activity. This pattern of activity was stable across subjects and bolus types. The IA
muscle exhibited the only significant increase in duration of activity when participants
swallowed 10-ml water boluses versus saliva. In addition, overall TA and IA muscle
activity duration tended to increase as bolus volume increased. Researchers suggest
these findings may indicate a bolus volume effect on duration of muscle activity, or the
effect of the salivation process on muscle activity (i.e., the amount of muscle activity
necessary to produce sufficient saliva to elicit a swallow). The activity of other muscles
(i.e., SM, CP, and SPC) did not exhibit any relationship between volume and duration.
This study suggests that small differences in boluses volume ( 5 vs 10-ml) do not
significantly affect the duration of activity in the majority of muscles involved in the
swallowing process; nor does a difference exist in wet versus dry swallows. The
authors suggested that future investigations should use wider ranges of bolus volumes
and viscosities to determine the effects of peripheral feedback on the duration of muscle
activity in adults during swallowing (Perlman, et al., 1999).
In another study that focused on muscle activity during swallowing in typical
adults, Reimers-Neils, Logemann, and Larson (1994) examined the effects of bolus
consistency on submental and laryngeal muscle activity. Volunteers ranged from 25-42
years in age. Participants swallowed three consistencies of food (liquids: fruit juice and
tomato juice, thin paste: apple sauce and pudding, and thick paste: cheese paste and
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creamy peanut butter) as EMG activity was recorded from the target muscles. Tasks
consisted of three swallows of each food type. Bolus volume was held constant at 3-cc
per swallow to control for volume effects.
Findings indicated no significant difference in the initiation of onset and offset of
EMG activity for swallowing across the three consistencies. Most frequently, SM
activity initiated the swallow and infrahyoid activity terminated the swallow.
Comparisons among bolus consistencies indicated that total duration of swallowing,
from onset of SM activity to offset of infrahyoid activity, significantly increased across
the three levels of consistencies from liquids to thin pastes to thick pastes. The authors
suggested bolus consistency significantly affects muscle activity during the swallow
and that this variable has important implications to clinical swallow studies.
Several studies have focused on the effects of both bolus volume and bolus
consistency on swallowing in adults and have utilized barium instead of real food
products. Dantas and Dodds (1990) examined the effects of liquid barium and barium
paste boluses on the timing and magnitude of submental and infrahyoid EMG activity,
hyoid movement, and bolus transit time through the mouth and pharynx in nine normal
males (25yrs old ±7). Using videofluoroscopy and EMG, participants were examined
as they swallowed bolus volumes of 2, 5, 10, and 20 ml of liquid barium and barium
paste. Changes in bolus volume did not affect the timing and duration of EMG events.
In contrast, changes in bolus consistency affected the duration of muscle activity, as the
te1111ination of EMG activity was later for barium paste than for liquid barium. Thus,
the duration of muscle activity was longer for barium paste swallows than for barium
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liquid swallows, suggesting a bolus consistency effect. In addition, the magnitude of
both SM and infrahyoid EMG activity was significantly greater for all volumes of paste
than for liquid barium, indicating a bolus volume as well as a consistency effect on
swallowing.

Effects of Bolus Volume and Consistency on Aspects of Swallowing in Children
Very little is known about swallowing in children. In a study conducted by Casas,
McPherson, and Kenny ( 1995), twenty neurologically nonnal children were compared
with twenty children with spastic cerebral palsy. Using ultrasound imaging, these
scientists examined the swallow as the bolus moved distinctively along the surface of
the tongue to the pharynx.
Findings suggested that oral transit time was longer for solid bolus tasks when
compared to liquid bolus tasks, indicating a possible bolus consistency effect. One
possible conclusion of this finding is that the duration of muscle contraction for liquid
boluses is shorter than for solid boluses during swallowing. Bolus volume was not
controlled, limiting the validity of the results. The authors suggested that further study
is necessary to explain the findings of this study.
Ruark, McCullough, Peters and Moore (in press), conducted the only study to
date that compares the direct effects of bolus consistency on swallowing in five- and
eight-year old children with adults. Using bi-polar surface EMG recordings from the
right upper lip (RUL), right lower lip (RLL), submental muscles (SM), and laryngeal
strap muscles (LSM), the average duration and amplitude of muscle activity during
swallowing were examined. Each participant swallowed three trials each of five food
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consistencies including 3cc of water, thick liquid, pudding, cheese spread, and gummy
bears (one per trial). The results of this study indicated that average duration of muscle
activity is affected by bolus consistency in children, as well as adults. For both children
and adults, a significant increase in average duration of submental muscle activity only
occurred when participants swallowed cheese spread versus water. The average
duration oflaryngeal strap muscle activity significantly increased when subjects
swallowed pudding versus water, cheese spread versus water, and cheese spread versus
gummy bears. In addition, the duration of muscle activity in children and adults
followed similar trends in that the duration of muscle activity systematically increased
during swallowing as bolus consistency increased. Although bolus consistency affected
the muscle activation patterns similarly in children and adults, the average duration of
muscle activity in children was typically shorter than adults for all consistencies except
pudding. These results contradict the findings of Reimers-Neils, et al., (1994), which
indicated no significant difference in duration of muscle activity when subjects
swallowed thin pastes (i.e., pudding) versus liquids. However, these studies used
different methodological procedures (e.g., recording and analyzing EMG activity).

Summa,y of Review of Literature
Perlman and colleagues (1999) examined the effects of bolus volume on the
normal adult swallow. They found that the interarytenoids were the only muscles that
demonstrated significant increases in duration of activity, but only when subjects
swallowed 10-ml water boluses as compared to saliva. The SM exhibited the longest
muscle duration, while IA and TA exhibited the shortest muscle durations. Perlman
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and colleagues did not find a significant bolus-volume effect on swallowing in adults,
but called for further study to examine the effects of greater volume differences on the
duration of muscle activity.
Studies by Reimers-Neils et al., (1994) and Ruark et al., (in press), examined the
effects of bolus consistency on the average amplitude and duration of muscle activity
during the swallow. Each study held the volume constant at 3cc (to control for potential
volume effects on swallowing) and used EMG recordings to determine the effect of
bolus consistency on swallowing. These studies indicated that bolus consistency does
affect the average amplitude and duration of muscle activity during the nomrnl
swallow. They both indicated that muscle activity significantly increases in duration
when subjects swallow thick paste consistencies (i.e., cheese spread) versus liquids.
However, their findings differed in regard to the duration of muscle activity when
comparing swallows of thin pastes (i.e., pudding) versus liquids.
Several studies examined both bolus volume and bolus consistency on
swallowing. Dantas and Dodds (1990) used videofluoroscopy and EMG to examine the
effects of bolus volume with barium liquid and barium paste. They found that volume
had no significant effect on muscle duration or amplitude, however, the onset of muscle
activity and the termination of activity occurred later in barium paste than in liquid
barium. Consistency did have a significant effect on the duration and amplitude of
muscle activity during the swallow. Duration and amplitude of muscle activity were
greater for barium paste than for barium liquid. Dantas and Dodds found similar results
to those of Reimers-Neils, et al., (1994), however, a direct correlation between findings
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is not possible; Dantas and Dodds used barium while Reimers-Neils, et al., used food
products.
Little is known about swallowing in children. The study by Casas et al., ( 1995)
makes a comparison between normal children and children with cerebral palsy. They
found oral transit time to be longer for swallowing solid boluses than for swallowing
liquid boluses in both groups. This finding, however, requires further study to indicate
whether the findings are due to a volume effect or consistency effect. Studying
swallowing in normal children is important in order to make accurate comparisons with
abnomrnl swallowing in children.
When comparing children with adults, Ruark et al., (in press) found that children
showed similar swallowing strategies as adults. In children, however, muscle activity
was shorter in duration than that of adults. Further investigation of normal swallowing
in children is very important. Past studies have indicated a possible bolus consistency
effect on the duration of muscle activity during the swallow, but these findings were
limited to boluses that were 3cc in volume. Bolus volume effects have not been studied
in children, and results of studies on adults have been inconclusive.

Pwpose of Study and Research Questions
The purpose of this study is to compile quantitative, normative data for female
children to determine the effects of various bolus volumes and consistencies on the
average duration of submental and laryngeal strap muscle activity during swallowing.
This study will investigate the following:
(1) Does bolus volume influence the average duration of SM activity during

swallowing in children?
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(2) Does bolus volume influence the average duration of LSM activity during
swallowing in children?
(3) Does bolus consistency influence the average duration of SM activity during
swallowing in children?
(4) Does bolus consistency influence the average duration of LSM activity during
swallowing in children?
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CHAPTER TWO

Methods

Participants
Eight female children, five years of age, served as participants for this study. The
age of five-years was selected because children of this age are able to follow complex
commands, and still possess developing central and peripheral nervous systems. To
control for any possible effects of gender differences on swallowing, only female
participants were included.

Selection Criteria
A Participant lnfonnation Sheet was completed for each participant to ensure
normal feeding history and a lack of neurological impairment. Participants were free
of any allergy or sinus-related congestion or upper respiratory infection at the time of
the study (see appendix A).

Screening Tasks
A series of screening tasks were administered prior to the experimental session to
ensure that all potential participants met the selection criteria for appropriate swallow
pattern, cranial nerve function, and nom1al oral mechanism structure and function.
Each participant was examined by a graduate student in speech-language pathology
under the supervision of a certified speech-language pathologist in order to verify that
the participant met the inclusionary criteria.

Screening for Normal Swallow
Each participant was screened for a nom1al swallow. The screening was
perfom1ed by an investigator using the following procedure: ( 1) the participant
9

swallowed a sip of water from a cup, while the investigator observed for evidence of
an abnormal swallowing pattern (e.g., tongue protrusion during initiation of the
swallow); (2) the swallow was timed by palpating the submental and laryngeal area to
feel for initiation and completion of tongue movement and laryngeal elevation.
Participants were considered to have a normal swallow if the swallowing pattern was
determined to be within normal limits and if the entire swallowing sequence occurs
within approximately two seconds or less, via counting.

Screening/or Cranial Nerve Function
Each participant was screened for nornrnl cranial nerve function. This screening
was completed to ensure adequate functioning of cranial nerves V, VII, IX, X and XII
(see Appendix B).

Screening/or Normal Oral Mechanism
Each participant was given the Oral Speech Mechanism Screening Examination-Revised (St. Louis & Ruscello, 1987). This screening confirn1s that the oral
mechanism is within non11al limits for structure and function (see Appendix C).

EMG Recording Sites
Surface bipolar EMG electrodes were used to record muscle activity from the
target muscles during swallowing. EMG records were obtained using Ag/ AgCl disk
electrodes (In Vivo Metrics, 4 mm outside diameter) filled with hypoallergenic
electrode cream (Synapse Conductive Electrode Cream, Med-Tek/Synapse) and
attached using adhesive electrode collars.
The electrodes recorded EMG activity from two target areas: (1) the submental
area targeting the bilateral anterior belly of the digastric (SM) and (2) the right
10

laryngeal strap muscle (LSM) targeting the thyrohyoid. Activity from other
submental and laryngeal strap muscles may also have been included in the recordings.
The activity from these muscles, however, were considered to be synergistic with the
target muscles during swallowing.
EMG signals were amplified using Grass P5 l l physiologic preamplifiers
(bandpass= 30-3000 kHz) and filtered at 500 Hz to prevent aliasing. Three FM
channels were used to record audio signals of on-line descriptions of target behaviors,
the sound spike obtained from the participant during the swallow, and commentaries
made regarding ongoing changes in experimental conditions. All channels were
recorded on a TEAC RD-2000 PCM DAT recorder for off-line digitization and
analysis. Channels were recorded in the following order:
1)

FM audio recording of on-line descriptions of target behaviors by
the investigator #1 (Graduate student 1),

2)

submental muscle EMG activity,

3)

right laryngeal strap muscles EMG activity,

4)

FM audio recording of the sound spike obtained from the
participant during the swallow, and

5)

audio commentaries regarding ongoing changes in experimental
conditions by investigator #2 (Dr. Jacki Ruark).

The audio signals of the investigators were recorded using a wireless microphone
attached to the shirt of the participant. The occurrence of each swallow was verified
by the presence of a sound spike on an audio channel. The swallow sound was
amplified and recorded by placing an amplified stethoscope (Luminaud Inc.) on the
11

left laryngeal strap muscles, contralateral to the right LSM target area. EMG and
audio signals were continuously recorded throughout the session.

Electrode Placement
After passing the screening tasks, each participant was seated at a small table
arranged to minimize extraneous movement and possible entangling of electrode
wires. Prior to electrode placement, the investigator explained the study to the
participant and her parent. Written and verbal parental consent was obtained for each
participant (see Appendix D). The SM electrodes were placed immediately posterior
to the mental symphysis, .5 cm apart, and 1.5 cm from the body of the mandible
(Green, Moore, Ruark, Rodda, Morvee, and VanWitzeenburg, 1997). The placement
site of the SM electrodes was based on palpation of the main muscle mass as the
participant opened her mouth. The LSM electrodes were placed .5 cm apart,
perpendicular to one another, and 2 cm superior and lateral to the thyroid prominence.
The placement site of these electrodes was based on palpation of the main muscle
mass as the participant swallowed a sip of water. Prior to electrode placement, the
participant's skin was scrubbed with alcohol gauze pads.

Experimental Tasks
The investigator sat across from the participant at the table and elicited the target
behaviors. Each child participant completed five experimental swallowing tasks
composed of five different bolus consistencies. Three of the five swallowing tasks
included various food consistencies, and two included barium consistencies. Each of
the five tasks contained four volumes. These swallowing tasks were selected based on
their potential to demonstrate varying effects in EMG amplitude and duration across
12

bolus volumes and consistencies and were also comparable to tasks performed by
adults in similar studies (Dantas & Dodds, 1990; Reimers-Neils et al., 1994). Each
participant completed a practice swallow of 3 ml prior to the initiation of swallowing
trials for each consistency. This practice swallow was given to allow the participant
to become familiar with the taste and texture of each consistency before beginning the
actual trials. Each participant then completed three swallowing trials for each of the
four volumes (1, 3, 5, and 10 ml) for each of the five consistencies. Each participant
completed a total of 65 swallows (60 experimental trials plus 5 practice swallows).
Specifically, the swallowing tasks included:
1)

Water- measured volumes of water were presented in a paper cup,

2)

Kraft® Handi Snacks Pudding, Kraft Foods, Rye Brook, NY- measured
volumes of chocolate pudding were presented on a plastic spoon,

3)

Nabisco® Easy Cheese, Nabisco Foods, Inc., East Hanover, NJ- measured
volumes of cheese spread were presented on a plastic spoon,

4)

Liquid E-Z Paque® Barium, E-Z-EM, Inc., Westbury, NY- measured
volumes of barium liquid diluted to 40% were placed on the anterior
portion of the tongue using a syringe, and

5)

Barium paste- paste prepared in the laboratory using 100 g of Smuckers®
strawberry syrup added to 350 g of E-Z HD® barium sulfate, E-Z-EM,
Inc., Westbury, NY.

Each task volume was measured and presented with a plastic spoon for 1, 3, and 5 ml
boluses and with a larger metal spoon for 10 ml boluses (Dantas & Dodds, 1990).
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The children in this investigation were not presented with larger boluses (i.e., 20 ml
boluses) due to their small oral cavities and the inability to swallow very large
boluses efficiently.
Each participant was given specific instruction prior to each swallowing task (see
Appendix E).

If a participant refused a food item or a particular volume of an item,

all remaining data from that participant were still included in the study.

Data Digitization
Target behaviors for each task were identified and parsed from the continuously
taped experimental session and stored in separate files for subsequent digitization and
analysis. EMG signals and the sound spike of each swallow were digitized at a rate
of l ,000 samples/s. Only target behaviors that were free of movement artifact or
other unacceptable instances (e.g., 60-cycle line noise) based on visual inspection
were digitized. The sound spike was used only for data verification and was not
included in data analyses.

Data Analysis
Analyses of these data included measurement of the duration of EMG activity of
SM and LSM during swallowing across each volume and consistency. This
measurement was obtained using algorithms custom designed for MATLAB (v.5.1;
The Mathworks, Inc., 1999), a commercially available signal-processing package.
Specifically, this analysis encompassed automatic and computer-assisted
identification of the onset and offset of individual EMG bursts. Initially, the raw
EMG data for the two signals were rectified and smoothed using an 8-pole
Butterworth filter (low-pass cutoff 30 Hz). A custom-designed algorithm was then
14

used to assist in the identification of EMG onset and offset versus low-level line
noise. This procedure was accomplished by the algorithm computing and drawing a
line one SD above the lowest level of muscle activity for each channel. This line was
subsequently used as a reference to help the investigator to manually select EMG
onset and offset for each burst (i.e., any activity below the SD line was excluded from
analysis). Figure 1 shows an example of the duration analysis that was used to
calculate EMG onset and offset. The EMG signals shown in this figure were
obtained from a five-year-old child as she swallowed 3 ml of water.

Reliability
Reliability for data selection and analyses techniques for average EMG duration
was determined using percent agreement. For intrajudge agreement for data
selection, the principle investigator transcribed and re-transcribed two complete data
sets. Data were considered to be in agreement if the re-selected data were within 2
seconds of the originally transcribed data. Intrajudge agreement for data selection was
94%. For interjudge agreement of data selection, two complete sets of data were
transcribed by another graduate student and were compared to data selection of the
principal investigator. Both the principal investigator and the second graduate student
were trained to criterion prior to transcription. Interjudge agreement for data
selection was 86%.
lntrajudge agreement was also determined for data analyses. The principal
investigator analyzed and re-analyzed one and ½ sets of data (approximately 20% of
the data). Analysis of each data set (i.e. one swallow) resulted in duration of muscle
activity in milliseconds. For intrajudge agreement of this analyses, results of the re15

~~...,~~~A

~~

QJ

'""d

B

I

- - ~

f/'-,...,,...E'..f\r-•...--......~.J

• r--i

....-

s

~M- -

"'v--,.....,...

-

LSM

(1j

QJ

>

,._..

• r--i

°'

....-

+-'
(1j

QJ

~

V'---->-~______j\l l r - ~ - ' \ . - - ,......- •

Swallow sound spike

Ti1ne
Figure I. Rectified and liltered EMG records of submcnlal (SM) and laryngeal strap muscle (LSM) activity in a
5-year-old child as she swallows 3 cc ofwater.

analyses that were within 250 ms from results of the original analyses were
considered to be in agreement. Intrajudge agreement for data analyses was 80%.
Interjudge agreement for data analyses was also determined for approximately 20%
of the data. One and ½datasets analyzed by Dr. Jacki Ruark were compared to those
analyzed by the principal investigator. Interjudge agreement for data analyses was
90%.

Statistical Treatment and Analyses
For each participant, data analyses yielded a mean duration for each swallowing
task. A group mean for each volume within a task was subsequently calculated.
SPSS I 0.0 was utilized to statistically analyze the data. A three-way analysis of
variance (ANOV A) for repeated measures with sphericity assumed was used to test
for mean differences in the average duration of muscle activity across tasks within the
group. An alpha level of .05 was selected. Main effects and interactions identified
in the ANOV A were further evaluated using post-hoc analyses (SID AK) to detennine
pairwise differences among tasks.
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CHAPTER THREE

Results
Data Set
All eight participants completed the experimental protocol. Each individual
session involved five swallowing tasks composed of 5 different bolus consistencies.
These consistencies included: (1) water, (2) pudding, (3) cheese spread, (4) barium
liquid, and (5) barium paste. For each task, participants were encouraged to swallow
3 trials each of 4 volumes (1, 3, 5, and 10 ml), plus one trial swallow of 3 ml, for a
total of 65 swallows (60 experimental trials and 5 practice swallows). Only the
experimental trials were included in the data set. A total of 415 swallows (86.46%),
out of a possible 480 swallows for the eight participants, were included in the data
analysis. Of the data excluded, 61.54% were excluded due to participant refusal of
the trial. This was most common among the barium consistencies (90%) compared to
typical food consistencies (Appendix F shows percentage of data omitted for each
consistency). Other exclusions were due to participants producing pre-swallows or
swallowing before the command (30.77%) and to noise or movement artifact
inhibiting the ability to identify EMG activity produced during the swallow (7.69%).
Average EMG Duration
Results from individual participants were combined to obtain a group average
duration value for the four volumes of each consistency for each muscle (Appendix G
shows the ranges of durations for each muscle at each consistency and volume).
These group means were used to facilitate the comparison of average duration of
muscle activity during swallowing. Table 1 shows the group means and standard
18

Table 1. Group mean (s) and standard error (SE) for average duration of submental (SM)
and laryngeal strap muscle (LSM) activity for boluses that vary by volume and
consistency.

SM

.

Mean

Water l ml
0.639
..
Water 3 ml
0.663
Water 5 ml
0.615
Water 10 ml
0.571
Pudding 1 ml
0.579
Pudding 3 ml
0.517
Pudding 5 ml
0.578
0.528
Pudding 10 ml
Cheese paste 1 ml
0.554
Cheese paste 3 ml
0.568
Cheese paste 5 ml
0.578
Cheese paste 10 ml
0.576
Barium liquid 1 ml
0.530
Barium liquid 3 ml
0.541
Barium liquid 5 ml
0.596
Barium liquid 10 ml
0.545
Barium paste 1 ml
0.473
Bariwn paste 3 ml
0.473
Barium paste 5 ml
0.507
Barium paste 10 ml
0.476

SE
0.04
0.03
0.04
.
0.03
0.03
0.03
0.05 •
.
0.03 r
•··
0.02 ....
0.04 -:~ . .. ,-.
0.04 ,· .. -.. ::
.
....
.. ..
0.05
..
0.03 ;°, if
0.04
0.04
..
0.03
0.04
0.04
.~·..
0.05
,,,
0.03 . . ' '
_

,

'.

.•

,.

;
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LSM

Mean

SE

Water 1 ml
Water 3 ml
Water 5 ml
Water 10 ml
Pudding 1 ml
Pudding 3 ml
Pudding 5 ml
Pudding 10 ml
Cheese paste l ml
Cheese paste 3 ml
Cheese paste 5 ml
Cheese paste 10 ml
Barium liquid l ml
Barium liquid 3 ml
Barium liquid 5 ml
Barium liquid 10 ml
Barium paste 1 ml
Barium paste 3 ml
Barium paste 5 ml
Barium paste 10 ml

0.660
0.714
0.713
0.603
0.621
0.572
0.600
0.615
0.603
0.627
0.629
0.621
0.545
0.574
0.623
0.614
0.503
0.559
0.554
0.474

0.03
0.04
0.03
0.03
0.04
0.04
0.05
0.03
0.02
0.04
0.04
0.05
0.03
0.04
0.03
0.04
0.03
0.05
0.05
0.03

errors for the average duration of each muscle, at each consistency and volume.
Statistical analyses were performed on the data using a three-way ANOV A for
repeated measures. Due to the limited number of subjects compared to the number
of measures, sphericity was considered; the correlations and variances were found to
be stable across time allowing sphericity to be assumed. Results of the ANOV A
indicated a significant main effect for consistency (F=2.822, p=0.044) and for
muscles (F=9.105, p=0.019; see Table 2). There were no other significant main
effects nor interactions.
Subsequent post hoc analysis using the SIDAK program on SPSS indicated that
the duration of laryngeal strap muscle activity was significantly longer (0.04 seconds)
than the duration of submental muscle activity across bolus volume and consistency
(p=0.0 19). Although the ANOV A indicated a main effect for consistency, post-hoc
analysis revealed no significant differences between consistencies. This lack of
definable difference was possibly due to the linearity of the data. Based upon
previous studies that indicated that water consistency significantly affects the duration
of muscle activity when compared to all other consistencies, at-test was devised to
evaluate this possibility. The t-test revealed a significant difference in average
duration of muscle activity when participants swallowed water compared to the other
four consistencies (p=0.051; see Figures 2 and 3).
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Table 2. Ai"\.TOVA for average duration of EMG muscle activity.
df I Error df Significance
28.00
4.00
0.04
3.00
21.00
0.78
7.00
1.00
0.01
84.00
12.00
0.48
4.00
28.00
0.91
3.00
21.00
0.51
12.00
84.00
0.60

Effect

F Ratio
Consistency
2.822
.
Volume
0.353
Muscle
9.105
Consistency x Volume
0.965
Consistency x Muscle
0.238
Volume x Muscle
0.797
Consistency x Volume x Muscle 0.846
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Figure 2. Mean duration and standard error of subrnental muscle activity across various volumes and
consistencies during swallowing in children
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CHAPTER FOUR
Discussion
The purpose of this experiment was to detem1ine if bolus volume and bolus
consistency affect the average duration of submental and laryngeal strap muscle
activity during swallowing in children. Mean duration values of EMG activity were
compared within the group across bolus types and muscles. Findings of this study
indicated that bolus consistency significantly affects the duration of both SM and
LSM muscle activity during swallowing in children; specifically water differs from
all other consistencies. In addition, LSM muscle activity was found to be
significantly longer than SM activity across all bolus volumes and consistencies
examined. Previous studies have indicated that five-year-old children exhibit similar
swallowing patterns to adults. However, any differences found between swallowing
in children in the current study and findings from previous studies of swallowing in
adults may be due to anatomical and/or neuromuscular differences.

Volume Effects

011

Average Duration of Muscle Activity

Results of the present investigation indicated no significant effects of bolus
volume on duration of muscle activity during swallowing in children. Previous
studies examining swallowing in adults have also found that bolus volume does not
significantly affect the duration of muscle activity. Perlman, et al., (1999) examined
the effect of bolus volume on the duration of muscle activity in adults for various
muscles during swallowing. Participants of this study swallowed saliva as well as 5
ml and 10 ml water boluses. The authors only found a significant increase in duration
of muscle activity for the interarytenoid when participants swallowed 10 ml boluses
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versus saliva. No significant difference was found for this muscle when comparing 5
ml and 10 ml boluses of water. The duration of submental, cricopharyngeus, and
superior pharyngeal constrictor muscle activity during swallowing did not
significantly increase with changes in bolus volume. Similar to Perlman et al., the
current investigation examined the duration of muscle activity during swallows of 5
ml and 10 ml water boluses and found no significant difference in duration of muscle
activity between swallows of the two volumes. Methodological differences exist
between Perlman et al 's study and the current investigation. Specifically, Perlman
and colleages used hooked wire electrodes to examine additional muscles, and saliva
swallows. The current investigation utilized additional bolus consistencies and
volumes. Despite these differences, both studies found that boluses close in volume
(5 and 10 ml) do not significantly affect the duration of activity in the majority of
submental and laryngeal muscles during swallowing.
Dantas and Dodds (1990) also examined the effect of bolus volume on the
duration of muscle activity during swallowing. Specifically, Dantas and Dodds
utilized 2, 5, 10, and 20 ml boluses of liquid barium and barium paste while recording
electromyographic records from submental and infrahyoid muscles in adults during
swallowing. The authors found no significant differences in duration of muscle
activity when participants swallowed different volumes of the barium consistencies.
The current investigation demonstrated similar findings as Dantas and Dodds, in that
the duration of submental and infrahyoid muscle activity in children were not affected
by 1, 3, 5, and 10 ml boluses of barium liquid and barium paste (the same type of
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barium products were used in these two investigations; EMG recording techniques
differed).
Will (2000) used similar methodology as the current investigation to examine
swallowing in adults (similar recording techniques, bolus consistencies and volumes
with the exception of presenting participants with 20 ml boluses). This investigator
found that bolus volume significantly affects the duration of muscle activity in adults
when comparing 20 ml boluses to 1 ml boluses, regardless of muscle or consistency.
Will found no significant differences in the duration of muscle activity when
comparing 1, 3, 5, and 10 ml boluses. The children in the current investigation were
not presented with 20 ml boluses due to their small oral cavity and inability to
swallow boluses of this magnitude. However, when examining the effect of a
relatively large bolus size (10 ml) on swallowing in children, no significant effect was
found. Thus, liquid and food boluses, 10 ml or less, do not appear to effect duration of
SM and LSM muscle activity during swallowing in children and adults.

Consistency Effects on Average Duration of Muscle Activity
Findings of the present investigation indicated that the duration of SM and LSM
muscle activity in children is significantly affected by bolus consistency during
swallowing. Specifically, the duration of SM and LSM activity was significantly
longer when participants swallowed water consistency when compared to all other
consistencies. These findings support previous research findings that bolus
consistency does affect duration of muscle activity during swallowing. However,
previous studies reported shorter duration of muscle activity for liquid when
compared to other bolus consistencies (Reimers-Neils, 1994; Will, 2000).
26

Reimers-Neils et al., (1994) examined the effects of liquids, thin pastes, and thick
pastes on SM and laryngeal muscle activity during swallowing. These authors found
that the total duration of the swallow, from the initiation of the SM muscle activity to
termination of infrahyoid muscle activity significantly increases as adults swallow
thin pastes as compared to liquids, and as adults swallow thick pastes as compared to
thin pastes. The current investigation also found that the duration of muscle activity
in children is significantly affected by bolus consistency. Unlike Reimers-Neils et al.,
however, the current study found that water boluses yield significantly longer muscle
activity in children than any other consistencies.
There may be several reasons why findings between these two studies differ.
While the current investigation examined the duration of specific muscles, ReimersNeils et al., (1994) examined the total duration of muscle activity which included
examining SM and IH muscle activity together. Although both studies used similar
liquid and food consistencies, Reimers-Neils, also, required their participants to
swallow fruit juices and peanut butter. These additional items are not only different
in texture (than those used in the current investigation), but differ in taste.
Differences in the perceived taste of items swallowed in the two studies may explain
the differences in findings between the two studies. Miller (1999, p 31) stated that
"taste functions as a primary stimulus to evoke swallowing, exciting sensory fibers
that synapse on the brain stem pathway controlling pharyngeal swallowing." In
addition, Miller indicates that both adults and neonates prefer sweet-tasting solutions
to water (Miller, 1999). Thus, the use of sweet-tasting juices in Reimers-Neils et al 's
study may account for shorter duration of muscle activity in adults as compared to
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children in the present study who were only given water. Finally, children's
perception of taste may not be fully developed to that of an adult as "sensory neurons
responding to taste increase their discharge frequency during maturation, suggesting
changes in receptor sensitivity with development" (Miller, 1999).
Similar to Reimers-Neils et al., (1994), Will (2000) also found significant
consistency effects on the duration of SM and LSM activity in adults during
swallowing (utilizing similar methodology to the current investigation); her findings
were also opposite to findings of the current investigation. Findings of Will's
investigation indicated that boluses of pudding, cheese spread, and barium paste
significantly increase the duration of muscle activity in adults when compared to
boluses of water regardless of volume. As similar consistencies were used in Will's
investigation and the current study, it is likely that differences in children and adults
are more likely due to anatomical and physiological differences than differences in
taste perception. Bosma (1986) stated that children "acquire competence in the
evaluation of the physical character of food" through the process of the
"encephalization of feeding". In this process, "sensory inputs pertinent to feeding are
extended, with brain development, into the midbrain, cerebellum, thalamus, and ...
the cerebral cortex" (Bosma, 1986). Thus, until central and peripheral mechanisms
related to feeding and swallowing reach maturation, immature motor patterns may
characterize swallowing in children.
Dantas and Dodds ( 1990) also examined the effect of consistency on swallowing
in adults using barium consistencies. They found that duration of muscle activity,
specifically SM and IH muscle activity, significantly increased from barium liquid to
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barium paste. The current investigation found no significant difference between the
barium consistencies. Differences between the current study and Dantas and Dodds
may also be due to the obnoxious taste of barium consistencies to children. The
perception of taste may account for the limited number of barium swallow trials
completed by the children, affecting the results of this current investigation.
In the only study that recorded EMG activity during swallowing in children,
Ruark, et al., (in press) compared the effects of bolus consistency on swallowing in
five- and eight-year-old children and adults. The participants swallowed 3 ml boluses
of water, thick liquid, pudding, cheese spread, and gummy bears. The authors found
that both children and adults exhibited longer durations of SM activity when
comparing swallows of cheese spread to water. They also found that both children
and adults exhibited longer durations of LSM activity when comparing swallows of
pudding to water, cheese spread to water, and cheese spread to gummy bears. Ruark
et al., (in press) also found for all consistencies (except pudding) that the duration of
muscle activity during swallowing tended to be shorter in children than in adults. The
current investigation utilized similar methodology as Ruark et al. (i.e., electrode
placement on submental and laryngeal strap muscle areas, similar consistencies:
water, pudding, and cheese spread). However, findings of this investigation are
opposite to that of the current investigation in both children and adults. For example,
the current study found the duration of muscle activity is longer for water boluses
than the duration of muscle activity for swallows of other consistencies.
Differences between findings of Ruark et al.'s (in press) study and the current
investigation may be due to the number of swallows perfonned by participants in
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each study, as well as the number of participants per investigation. The current study
utilized numerous volumes and varying consistencies, for a total of 65 swallows, as
compared to Ruark et al., which involved 15 swallows total. The children in the
current investigation may have experienced muscle fatigue during the investigation
due to the large number of swallows perfonned. This possible fatigue effect may
explain differences between findings of the current study and findings of Ruark et al.
for child participants. In addition, the children in Ruark et al.' s study swallowed
three trials of water prior to swallowing other consistencies, where participants in the
current study swallowed twelve trials of water prior to swallowing other
consistencies. Consistencies were not presented in random order in the current
investigation and each child received water consistency first. Therefore the duration
of muscle activity produced during swallowing of the remaining consistencies may
have been affected by muscle fatigue.
Although children have been found to exhibit similar swallowing strategies as
adults (Ruark et al., in press), differences in the duration of muscle activity during
swallowing have been observed. There may be several reasons as to why these
differences exist. Children have smaller oral cavities and shorter swallowing tracks
than adults. The angle between the pharynx and the oral cavity in children is less
than the ninety degrees as seen in adults, and the larynx is also slightly elevated to the
C5 versus the C 7 level as in adults (Arvedson & Lefton-Greif, 1996). In addition to
anatomical differences, the central and peripheral nervous systems of five-year-old
children are still developing. Bawa (1981) explains that "neuroanatomical data show
that myelination of different areas of the CNS is completed at different stages of life
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and proceeds late into adulthood." Thus, the process of encephalization of feeding in
5-year-old children may not be complete, and sensory end organs may be immature.
Most likely, differences between average duration of SM and LSM
electromyographic activity in children and adults see in previous investigations are
due to the anatomical and/or neuromuscular differences between children and adults.
Future investigations are needed to determine when children acquire a mature
swallowing pattern.

Clinical Implications
Results of this investigation indicate that while bolus volume does not
significantly affect the duration of muscle activity during swallowing in children,
bolus consistency does have a significant effect. Various bolus volumes and
consistencies are commonly used during swallowing evaluations of children, such as
the modified barium swallow, as well as during treatment of swallowing disorders.
Substances used during assessment and treatment of swallowing disorders have not
been standardized, and consistencies that are perceived to be similar in texture are
frequently interchanged from study to study. Furthem1ore, little is known about
swallowing in children, and children with swallowing disorders are currently treated
similarly to adults with these disorders. Tcheremenska and Gisel (1994) sought to
detem1ine if children used similar motor patterns to swallow food substances that are
perceived to be similar in texture (pudding vs applesauce). These scientists support
findings of the current investigation in that the duration of muscle activity is not
consistent over swallows of various consistencies, even in consistencies perceived to
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be similar in nature. This suggests a need for standardized measures of consistency
for evaluation of swallowing.
The development of mature feeding patterns is an important consideration for
determining standardization measures for evaluation and treatment of swallowing
disorders. Coster and Schwarz (1987) state that "characteristics of a swallow-safe
bolus depend upon the developmental stage of feeding." Gisel (1991) found that
"eating of different food textures matures at different rates." For example, several
studies have found that young children consume solid textures easier than softer
textures or liquids (Stolovitz & Gisel, 1991; Tcheremenska & Gisel, 1994; and Casas
et al, 1995). The maturation rates for eating different food textures should be
considered in determining standardized consistencies for evaluating swallowing in
children.
Another important consideration for determining standardization measures for
evaluation and treatment of swallowing disorders is taste, particularly the taste of
barium. As recommendations for swallowing typical food items can be based on
swallows of barium (i.e., recommendations for swallowing water are based on
swallows of barium liquid, via modified barium swallow study), it is important to
consider that the perception of taste for barium consistencies may affect swallowing
in children. In this study the children indicated that barium consistencies were
obnoxious in taste. Taste is an important stimulus to evoke swallowing (Miller,
1999), therefore perception of taste should be considered when determining
standardized measures for evaluation and treatment of swallowing disorders in
children.
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Limitations of the Current Study
The current study examined the effects of bolus volume and consistency on the
duration of muscle activity in 8 female children. This small sample size and the lack
of male subjects limits the ability to generalize findings of this investigation to the
typically developing population. The study is also limited by the characteristics of
the consistencies used. Reimers-Neils et al. (1994) found that "subjective judgment
of differences in consistency is not always valid." Although these substances are
typically used during clinical examination of swallowing in children, the rheological
characteristics of the consistencies used in the current study need to be quantified.

Suggestions for Future Research
There is limited infomrntion regarding swallowing in typically developing
children as compared to swallowing in adults. This investigation is part of a larger
study that includes ten young adult females (Will, 2000) with the intent to delineate
differences. Findings of this investigation lend important information to the small
body of literature on the development of swallowing in children. Reduplication of
this study would provide information by increasing the number of participants.
Several added features are needed in future investigations. A viscometer can be used
to establish the rheological characteristics ofliquid and food substances employed. In
addition, videofluoroscopy in conjunction with EMG would allow for enhanced
identification of the swallow. VFS is currently not permitted on children solely for
research purposes. Thus, it is suggested that future investigators include child
participants who exhibit normal oral/pharyngeal swallows but are receiving a
video fluoroscopic exam for other reasons (e.g. GERD). Enhanced knowledge of the
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coordination of swallowing in children may allow further conclusions to be drawn on
the effects of bolus volume and consistency on swallowing.

Conclusions
In conclusion, results of this investigation indicated that bolus volume does not
significantly affect the duration of SM and LSM muscle activity during swallowing in
children. Bolus consistency, however, does have a significant effect on the duration
of muscle activity during swallowing in children. These findings are important
considerations in the evaluation and treatment of children with swallowing disorders.
Future research is necessary to define standardized consistencies to be used in the
evaluation and treatment of children with dysphagia.
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PARTICIPANT INFORMATION SHEET
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PARTICIPANT L.'fFOR.i.'1L-\TION SHEET
Researcher's name: _ _ _ _ _ _ __
Date:

----------

A.

Bac~around History:
Name of child:
Date of Birth: _ _ _ _ _ _ Age: _ _ _ _ __
Address: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

--------------

---------=-------------

Parent(s)
Phone: ~(wuco....r...,k+)_ _ _ _ _ _....
1),....o,...m....,,e-+)---------Child's school: _ _ _ _ _ _ _ _ _ _ _ _ _ _ Grade:. _ __
I

B.

Related Medical History
Check the following if the answer is ITS; place comments next to sentence.

_ _ _ Child is currently free of upper respiratory infection
_ _ _ Hearing is normal
_ _ _ There are no middle ear problems at this time
My child has no neurological dificulties
---hydocephalus,
etc.)

(i.e. history of seizures, brain attack at birth,

_ _ _ My child has no current illness that may affect speech /1anguage/swallowing
( Please list all current medications)
_ _ _ General health OK
_ _ _ Child has no history of speech and/or language delay
_ _ _ English is the primary language in the child's housel:iold _
_ _ _ Child obtained developmental milestones (sitting, walking, etc) with no delays
_ _ Child is able to complete motor activities as other children do
_ _ Child has received no special services from the school system.·
_ _ My child is not allergic to any of the foods being presented during this study
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CRANIAL NERVE SCREENING FORM
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Cranial Nerve Screening
1. Jdgemioal Nerye

M

Sensor; Function
_ _ '-Nnen a Q-tip is lightly brushed over maxilla and mandible, participant raises hand in
response.
_ _ Wnen the teeth and anterior two-thirds of tongue are lightly touched with a tongue
depressor, participant raises hand in response.
Motor Func+Jon
_ _ No deviation or weakness is noted'during jaw opening and closing.
_ _ Wnen teeth are clenched, masseter and temporalis muscle contraction can be felt
by palpation.

2. Eacial Nerve (VII)
Motor Function
_ _ Smiling reveals equal areas of the upper and !owe( teeth on both sides.
_ _ No difference is noted between automatic and voluntary facial responses.

3. Glassopbacyngeal (IX)
Posterior one-third of tongue
_ _ Participant detects light pressure to the back of the tongue.

4. ~us Nerve (X)
Soft Palate
_ _ Wnen participant says "ahhh·, the soft palate elevates and the uvula moves
posteriorly.

5. Hypoglossal (Xii)
Motor Function
_ _ Wnen tongue is protruded at midline, there is no apparent deviation or atrophy.
_ _ Participant is able to move tongue from side to side and up and d~wn .
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APPENDIX C

ORAL SPEECH MECHANISM SCREENING EXAMINATION-REVISED
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Oral Speech Mechanism Screening Examination-Revised
The Oral Speech Mechanism Screening Examination-Revised (OSMSE-R) was
developed to screen the anatomy and physiology of the oral speech mechanism. The
structures tested include the lips, tongue, jaw, hard and soft palate, pharynx, respiration,
velopharyngeal mechanism and diadochokinetic rate. This test was formally standardized
on 211 subjects. Normative data is provided for individuals ages 5 :3 to 77 :7, however the
test may be used with individuals outside of this age range.
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PARENTAL CONSENT FORM
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Consent to Participate in a Research Study
Title:

Ccordination of Orofaci~ Muscle Ac"jvity In Children and Adults

Investigator:

Jacki L. Ruark, Ph.D.
444 South Stadium Hall
University ofTennessee, Knoxville
Knoxville, Tennessee 37996

Description
There is little known about the development of speech movements and their relationship to other oral
movements, such as chewing. An understanding of the relationship betv.een speech and nonspeech oral
movements (e.g., chewing, swallowing) is needed so that we can understand how speech develops, and
how we can help those children with developmental motor speech disorders.
Your child will participate in a study to help us understand how orofacial muscles are used for speech
and nonspeech activities. The procedUfe we use to measure orofacial activity is simple and causes no
discomfort We will simply measure the activity in your child's orofacial muscles as she eats a snack.
As your child sits in a chair, small surface electrodes (i.e., sensors) will be placed on her face and on
her neck. You child will then eat a snack. During this time, orofacial muscle activity will be recorded onto
a multichannel tape recorder. The experiment will take approximately 45 minutes, however, your child
may stop at any time if she wishes to discontinue the study.
In addition to the snack, we would like to include an optional task for your child to perform. This task
includes your child swallowing a small amount of barium powder mixed with water and flavored syrup, and
a small amount of barium paste mixed with syrup. Barium is a safe substance, and is used daily in
studies at children's clinics and hospitals. The total amo~nt of barium will be 2.2 oz. Tnis task is
completely optional, and if you or your child choose not to participate in this task, your child will still be
included in the remainder of the study, and you will still receive the S15.00 reimbursement
Before participating in the study, you will answer some questions pertaining to your child's health
history, and your child will receive a swallowing and oral mechanism screening by a certified speechlanguage pathologist
Risk and Benefits
,
There are no known risks associated with the procedures in this study. This electrode procedure
causes no discomfort to your child, and the items we ask your child to swallow are safe. We have used
this procedure on other infants and small children with no difficulties. All equipment/toys are sterilized
before each session.

(1/9/01)
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Your child will not benerit directly from partic:pating in this study. However, this information will help us
understand how crafacial musc!es are used for speech and nonspeech activities, and how the
coordination of orafacial muscles changes over time.
Cost and Payments
Tnere will be no charge:to you or your child. At your request or at the request of your child, you may
withdraw from the study ac anytime. When your child completes the study, you will be paid S15 for your
participation.
Confidentiality
Information regarding you or your child obtained for this research project will be kept confidential, and
these data are being obtained for the sole use of the named investigator.
Right to Refuse or End Participation
•
You or your child are free to refuse participation in this research project or to withdraw at any time
without penalty.
Voluntary Consent
I certify that I have read the preceding or it has been explained to me and that I understand its content
Any questions that I have regarding this research project have been answered by the investigator. A
copy C?f this consent form will be given to me. My signature below means that I have freely agreed to
allow my child to participate in this research study.

Name of child: _ _ _ _ _ _ _ _ _ _ __
Parent's signature _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date: _ _ _ __
Investigator's signature_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date: _ _ _ __
Witness _ _ _ _ _ _ _ _ _ _ _ _ __

I also verify that I have read the fist of foods that are used in this study and that to my knowledge, my
child does not have any known a{{ergies of these foods.
Parent's signature _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

P3ge 2 of2
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Experimental Task Instructions

For each trial, the participant will be instructed to swallow when the computer screen is
clear of EMG activity or movement artifact.

Water: "Put this in your mouth. Hold it there but don't swallow yet." "Ok, swallow."

Pudding: "Put this in your mouth. Chew it up and get it ready to swallow, but don't

swallow yet, raise your hand when you are ready to swallow." "Ok, swallow."

Cheese Paste: "Put this in your mouth. Chew it up and get it ready to swallow, but

don't swallow yet, raise your hand when you are ready to swallow." "Ok, swallow."

Barium Liquid: "I'm going to put this in your mouth. Hold it there but don't swallow

yet." "Ok, swallow."

Barium Paste: "Put this in your mouth. Chew it up and get it ready to swallow, but

don't swallow yet, raise your hand when you are ready to swallow." "Ok, swallow."
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APPENDIXF
PERCENTAGE OF DATA OMITTED PER CONSISTENCY
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Appendix F. Percentage of data omitted per consistency.

CONSISTENCY
Water
Pudding
Cheese Spread
Barium Liquid
Barium Paste

¾OMITTED
5.2
8.6
8.6
11.4
34.3
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RANGE OF MEAN DURATIONS (s) FOR EACH MUSCLE AT EACH
CONSISTENCY AND VOLUME
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Appendix G. Range of mean duration values for each muscle at each consistency and
volume.
SM
Water 1 ml
Water 3 ml
Water 5 ml
Water 10 ml
Pudding 1 ml
Pudding 3 ml
Pudding 5 ml
Pudding 10 ml
Cheese paste 1 ml
Cheese paste 3 ml
Cheese paste 5 ml
Cheese paste 10 ml
Barium liquid 1 ml
Barium liquid 3 ml
Barium liquid 5 ml
Barium liquid 10 ml
Barium paste 1 ml
Bari um paste 3 ml
Barium paste 5 ml
Barium paste 10 ml

Max
1.232
0.946
1.023
1.012
1.093
0.813
1.035
0.851
0.737
0.932
0.934
0.973
1.024
0.955
1.116
0.828
0.966
0.851
0.918
0.657

Min
0.321
0.287
0.262
0.313
0.371
0.282
0.273
0.268
0.297
0.227
0.201
0.189
0.305
0.231
0.224
0.353
0.224
0.210
0.192
0.246

LSM
Water 1 ml
Water 3 ml
Water 5 ml
Water 10 ml
Pudding 1 ml
Pudding 3 ml
Pudding 5 ml
Pudding 10 ml
Cheese paste 1 ml
Cheese paste 3 ml
Cheese paste 5 ml
Cheese paste 10 ml
Barium liquid 1 ml
Barium liquid 3 ml
Barium liquid 5 ml
Barium liquid 10 ml
Barium paste 1 ml
Barium paste 3 ml
Barium paste 5 ml
Barium paste 10 ml
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Max
1.059
1.070
1.070
1.151
1.185
1.047
1.151
0.874
0.782
1.024
1.063
1.030
0.990
1.047
0.943
1.022
0.920
1.116
0.977
0.713

Min
0.241
0.414
0.380
0.356
0.289
0.309
0.300
0.340
0.370
0.245
0.159
0.189
0.289
0.167
0.267
0.308
0.297
0.185
0.200
0.258
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